Background: In the era of bare stents, transjugular intrahepatic portosystemic shunt (TIPS) is the second-line choice of therapy for the prevention of variceal rebleeding in liver cirrhosis. In the era of covered stents, the role of TIPS should be re-evaluated.
Introduction
The incidence of variceal rebleeding is about 60% per year in survivors after an episode of variceal bleeding. [1] [2] [3] Prevention strategy of variceal rebleeding should be actively initiated after the first episode of variceal bleeding. [1] [2] [3] According to the current practice guideline recommendation, endoscopic variceal ligation in combination with nonselective beta-blockers should be the first-line choice of therapy for the prevention of variceal rebleeding in liver cirrhosis and that transjugular intrahepatic portosystemic shunt (TIPS) is the second-line choice of therapy. [2] This is primarily based on the results of previous meta-analyses of randomized controlled trials that TIPS decreases the incidence variceal rebleeding, but increases the incidence of hepatic encephalopathy, carries a high incidence of shunt dysfunction, and does not improve the overall survival. [2, [4] [5] [6] Notably, all randomized controlled trials included in the previous metaanalyses were performed with bare stents for TIPS procedures. Emerging evidence suggested the benefits of covered stents for TIPS procedures in terms of shunt patency and hepatic encephalopathy. [7] [8] [9] [10] [11] Therefore, it should be necessary to update the role of TIPS for the prevention of variceal rebleeding in the era of covered stents.
Methods

Study registration
This meta-analysis was registered on PROSPERO (No. CRD42016038200). The ethical approval or informed patient consent was not necessary, because this work was a systematic review and meta-analysis of randomized controlled trials, but not a clinical study in humans.
Search strategy
We searched 3 major databases, including the PubMed, EMBASE, and Cochrane Library databases on April 17, 2016. The search items were "(Covered stent) OR (Fluency) OR (Viatorr)" AND "(transjugular intrahepatic portosystemic shunt) OR (TIPS)" AND "randomized."
Eligibility criteria
We identified all randomized controlled trials which compared the outcomes of covered TIPS versus drug plus endoscopic treatment for the prevention of variceal rebleeding. In details, according to the PICOS rule, the participants should be cirrhotic patients with previous variceal bleeding, the interventional group should be cirrhotic patients who underwent TIPS with covered stents, the control group should be cirrhotic patients who underwent the traditional first-line treatment option for the secondary prophylaxis of variceal bleeding (e.g., drug plus endoscopic treatment), the outcomes should be overall survival, variceal rebleeding, and/or hepatic encephalopathy, and the study design should be randomized controlled trials. Exclusion criteria were as follows: (1) duplicates; (2) narrative or systematic reviews; (3) protocols; (4) case reports; (5) nonrandomized studies; (6) TIPS with covered stents was not the interventional group; and (7) no comparison between covered TIPS versus drug plus endoscopic treatment for the secondary prophylaxis of variceal bleeding.
Data extraction
We extracted the following data: journal, publication year, region, enrollment period, major characteristics of study population, Child-Pugh class, follow-up duration, number of patients randomized, mortality, rate of variceal rebleeding, and rate of hepatic encephalopathy.
Risk of bias
We employed the revised "risk of bias" tool described in Cochrane Handbook version 5.1.0 to evaluate the study quality. It included 5 major domains (i.e., selection bias, performance bias, detection bias, attrition bias, and reporting bias) with 6 questions (i.e., random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, and selective reporting). The judgment for every question should be expressed as "low risk," "high risk," or "unclear risk" of bias.
Data analysis
We performed the meta-analyses by using random-effect models in the Review Manager 5.3. Forest plots were drawn. As we previously mentioned, [12] [13] [14] [15] hazard ratios (HRs) and odds ratios (ORs) with 95% confidence intervals (CIs) and P values were calculated as the effect sizes for cumulative risk and overall risk, respectively. In details, P < 0.05 was of statistically significant difference. I 2 and P values were calculated to evaluate the heterogeneity among studies. In details, I
2 > 50% and/or P < 0.1 were of statistically significant heterogeneity. Otherwise, the heterogeneity was not statistically significant. Due to a small number of included studies, the sensitivity or subgroup analyses were not performed, and the funnel plots were not drawn.
Results
Study selection and characteristics
Among the 111 retrieved studies, 3 randomized controlled trials were included in our study [16] [17] [18] (Fig. 1) . Study characteristics were shown in Table 1 . The major study characteristics were summarized as follows. Holster and Luo, variceal band ligation plus nonselective beta-blockers were employed; and in another one randomized controlled trial by Sauerbruch, the hepatic venous pressure gradient (HVPG)-guided therapeutic strategy (e.g., the HVPG responders received only nonselective beta-blockers and nitrate, but the nonresponders were switched to TIPS) was employed. (7) As for the control group, the proportion of patients who were switched to TIPS was 16% to 25%.
Risk of bias
Risk of bias for every individual randomized controlled trial was summarized in Supplementary Tables 1-3 , http://links.lww.com/ MD/B470.
Overall survival
All of the 3 randomized controlled trials provided the cumulative data regarding overall survival. The meta-analysis demonstrated that the covered TIPS group had a statistically similar overall survival as compared to the drug plus endoscopic therapy group (HR = 0.84, 95% CI = 0.55-1.28, P = 0.41) (Fig. 2A) . The heterogeneity among studies was not statistically significant (I 2 = 0%, P = 0.55). All of the 3 randomized controlled trials provided the overall data regarding death. The meta-analysis demonstrated that the covered TIPS group had a statistically similar risk of death as compared to the drug plus endoscopic therapy group (OR = 1.00, 95% CI = 0.59-1.69, P = 0.99) (Fig. 2B) . The heterogeneity among studies was not statistically significant (I 2 = 15%, P = 0.31).
Variceal rebleeding
All of the 3 randomized controlled trials provided the cumulative data regarding the rate of being free of variceal rebleeding. The meta-analysis demonstrated that the covered TIPS group had a significantly higher rate of being free of variceal rebleeding than the drug plus endoscopic therapy group (HR = 0.30, 95% CI = 0.18-0.48, P < 0.00001) (Fig. 3A) . The heterogeneity among studies was not statistically significant (I 2 = 0%, P = 0.38). All of the 3 randomized controlled trials provided the overall data regarding variceal rebleeding. The meta-analysis demonstrated that the covered TIPS group had a significantly lower risk of variceal rebleeding than the drug plus endoscopic therapy group (OR = 0.24, 95% CI = 0.12-0.46, P < 0.0001) (Fig. 3B) . The heterogeneity among studies was not statistically significant (I 2 = 3%, P = 0.36).
Hepatic encephalopathy
All of the 3 randomized controlled trials provided the cumulative data regarding the rate of being free of hepatic encephalopathy.
The meta-analysis demonstrated that the covered TIPS group had a statistically similar rate of being free of hepatic encephalopathy as compared to the drug plus endoscopic therapy group (HR = 1.35, 95% CI = 0.72-2.53, P = 0.36) (Fig. 4A) . The heterogeneity among studies was statistically significant (I 2 = 53%, P = 0.12). Two of the 3 randomized controlled trials provided the overall data regarding hepatic encephalopathy. The meta-analysis demonstrated that the covered TIPS group had a statistically similar rate of hepatic encephalopathy as compared to the drug plus endoscopic therapy group (OR = 1.28, 95% CI = 0.54-3.04, P = 0.57) (Fig. 4B) . The heterogeneity among studies was not statistically significant (I 2 = 35%, P = 0.21).
Discussion
Previous meta-analyses had extensively evaluated the role of TIPS versus endoscopic treatment for the prevention of variceal rebleeding in liver cirrhosis. Before explaining our findings, their data should be fully reviewed. In 1999, Luca et al [4] conducted a meta-analysis of 11 randomized controlled trials involving 750 patients and found that TIPS significantly reduced the risk of variceal rebleeding (pooled difference: -31%, [95% CI: -39% to -23%]), but significantly increased the risk of hepatic encephalopathy (pooled difference: +16%, [95% CI: +10% to +22%]) without any significant changes in death due to all causes (pooled difference: +2%, [95% CI: -4% to +9%]) or bleeding (pooled difference: -5%, [95% CI: -11% to +6%]). In the same year, Papatheodoridis et al [5] also conducted a meta-analysis of 11 randomized controlled trials involving 811 patients and found that the endoscopic therapy group had a significantly higher incidence of variceal rebleeding (OR = 3. . Collectively, all of them had a similar conclusion that TIPS did decrease the incidence of variceal rebleeding, but increased the incidence of hepatic encephalopathy without any survival benefits. On the basis of the fact, TIPS should be considered after drug and endoscopic therapy failed. Several characteristics of previous meta-analyses should also be emphasized. First, in the first 2 meta-analyses by Luca and Papatheodoridis, [4, 5] all the included randomized controlled trials were published between 1995 and 1998. In the latter 2 meta-analyses by Burroughs and Vangeli [6] and Zheng et al, [19] all the included randomized controlled trials were published between 1995 and 2002. Second, in nearly half of the randomized controlled trials included in the 4 previous metaanalyses, the control group was endoscopic sclerotherapy alone [20] [21] [22] [23] [24] [25] or in combination with propranolol. [26] This was largely inconsistent with the current practice guideline recommendation that endoscopic variceal ligation, rather than Qi et 
Medicine sclerotherapy, should be considered. Third, only bare stents were employed for TIPS procedures in the 4 previous meta-analyses.
To the best of our knowledge, our study is the first metaanalysis regarding TIPS for the secondary prophylaxis of variceal bleeding in the era of covered stents. In line with previous metaanalyses, [4] [5] [6] 19] we found that covered TIPS significantly decreased the incidence of variceal rebleeding without any remarkable effect on overall survival. Contrarily, we found that covered TIPS did not significantly increase the incidence of hepatic encephalopathy. These findings might influence the future treatment algorithm for the secondary prophylaxis of variceal bleeding in liver cirrhosis.
Undoubtedly, HVPG-guided treatment is a more reasonable choice for the control group in the randomized controlled trial by Sauerbruch et al. [18] In the control group, the decision to undergo endoscopic therapy after the use of nonselective beta blockers was made according to the HVPG response. In detail, the responders continued nonselective beta blockers, but the nonresponders were switched to endoscopic therapy. However, this needed to be re-considered based on the several pieces of evidence. First, in an early study by Bureau et al [27] , 34 cirrhotic patients who received propranolol for the prevention of first bleeding or rebleeding were evaluated by serial HVPG measurements. In the first follow-up HVPG measurement, the responders continued propranolol alone, but the nonresponders received the combination therapy of propranolol and isosorbide-5 mononitrate. In the second follow-up HVPG measurement, the responders continued drug therapy, but the nonresponders underwent endoscopic variceal ligation. They found that the hemodynamic response to drug, but not additional endoscopic variceal ligation in nonresponders, was an independent predictor for the risk of variceal bleeding. Second, in a randomized controlled trial by Garcia-Pagan et al [28] , 158 cirrhotic patients were assigned to nadolol plus isosorbide-5-mononitrate alone or in combination with endoscopic band ligation for the prevention of variceal rebleeding, and 135 of them had repeat HVPG measurements during follow-up. In the nonresponders, the cumulative risk of rebleeding was similar between the 2 groups. Third, in a recent study by Reiberger et al [29] , 104 cirrhotic patients who received propranolol for the prevention of the first variceal bleeding were evaluated by serial HVPG measurements. In the first follow-up HVPG measurement, the responders Figure 2 . Forest plots comparing the overall survival between covered TIPS and drug plus endoscopic therapy groups. The hazard ratio for the overall survival (A) and the odds ratio for mortality (B) were calculated. TIPS = transjugular intrahepatic portosystemic shunt. continued propranolol, but the nonresponders were switched to carvedilol. In the second follow-up HVPG measurement, the responders continued drug therapy, but the nonresponders were switched to endoscopic variceal ligation. They found that the risk of variceal rebleeding, hepatic decompensation, and mortality were significantly lower in the responders to drug therapy than the nonresponders who were switched to endoscopic variceal ligation. Taken together, additional endoscopic therapy might not be given in the nonresponders to drug therapy. Instead, in the future trial design, if TIPS was directly added in the nonresponders to drug therapy, the results would be more valuable. Major strengths should be as follows: (1) only randomized controlled trials were included in our meta-analysis; (2) the risk of bias was relatively low in the 3 included randomized controlled trials; (3) only random-effect models were employed; (4) both HRs and ORs were calculated to confirm the effect of covered TIPS; and (5) the heterogeneity among studies was rarely observed. Several limitations should also be clarified: (1) the number of relevant randomized controlled trials was relatively small; (2) the study population was not completely homogeneous among studies; (3) the brands of covered stents for TIPS procedures were heterogeneous among studies; (4) the treatment strategy in the control group was different among studies; and (5) a randomized controlled trial by Luo et al [17] was registered after the patient enrollment.
In conclusion, covered TIPS decreased the development of variceal rebleeding without any significant increase in the development of hepatic encephalopathy and with similar overall survival. Whether the use of covered stents for TIPS will revolutionize the strategy of secondary prophylaxis of variceal bleeding in liver cirrhosis should be further explored by more well-designed clinical trials.
